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(54) SEMICONDUCTOR DEVICE 

(57)Abstract: 

PURPOSE: To eliminate a vacant space of an IC chip having multiple 
terminals and a small circuit area and also obtain a semiconductor 
device comprising various kinds of IC chips. 
CONSTITUTION: A semiconductor device comprises pads 2 for 
connecting wire bonding pads 1 with an IC chip A, an IC chip B with 
bumps 3 made of noble metal formed with a thickness of 10(^m or less 
formed on the pads 2 and the IC chip A equipped with pads 5 
corresponding to the pads 2, wherein the pads 5 of the IC chip A are 
thermo-compression bonded to the pads 2 of the IC chip B. Thus IC 
chips of similar or dissimilar kinds having multiple terminals which can 
effectively eliminate a vacant space on the IC chip having a small 
circuit part can be easily made composite. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawin g 1 ] It is drawing showing one example of this invention. 

[Drawin g 2] It is the block diagram showing the connection condition of drawing 1 . 

[Drawin g 3] It is drawing showing other examples of this invention. 

[Drawing 4] It is the block diagram showing the connection condition of drawing 3 . 

[Drawing 5] It is the block diagram showing the connection condition of the example of further others of this invention. 



[Drawing 6] It is drawing showing the example of further others of this invention. 

[Drawing 7] They are a different process which shows the example of further others of this invention, and the block 
diagram showing the example of combination of the chip of the principle of operation. 

[Drawin g 8] It is drawing showing the example of further others of this invention, and is a block diagram using the chip 
of different a large number from the chip of drawing 7 . 

[Drawing 9] It is drawing showing the configuration of the conventional IC chip. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the semiconductor device constituted by connecting IC chip which has 
many I/O pins, and IC chip which has the pad size which whose circuit part is small and does not have free space. 
[0002] 

[Description of the Prior Art] Below, like the GRU logic (and basic logic, such as Orr) as an IC chip, a gate array (it is 
hereafter described as G/A) with very many I/O is taken for an example, and it explains with reference to drawing 9 (a) 
and (b). Since the wirebonding pad 1 1 determines a chip size that the logic section 12 will become small as the design 
Ruhr finizes with 0.6 micrometers and 0.4 micrometers in the future when the number of I/O is required also for 120 to 
160 pin, and the gate number shows drawing 9 (a) and (b) at the'2 - 3K gate, free space 13 will be generated for the IC 
chip C. A mechanical limit of the magnitude of the capillary of the present wirebonding equipment, location precision, 
and a chip test pin etc. to 100-micrometer pitch extent of the wirebonding pad 1 1 is a limitation. For this reason, if the 
required number of input/output terminals, i.e., the number of wirebonding pads, is decided, the minimum chip size 
will be determined like drawing 9 (a) or drawing 9 (b) which put the wirebonding pad 1 1 in order alternately. Although 
free space 13 can improve sharply if the wirebonding pad 1 1 is made alternately [ drawing 9 (b) ], a device is needed 
for wirebonding to a frame, anyway, width-of-face extent whose magnitude of one piece of the wirebonding pad 1 1 is 
100 micrometers and a limit of an absolute value — **** — since it is, with the conventional technique of drawin g 9 (a) 
and (b), free space 13 may be made in the relation between the number of input/output terminals, and the size of 
internal logic in the IC chip C 
[0003] 

[Problem(s) to be Solved by the Invention] Free space 13 is generated conventionally [ above-mentioned ] in the IC 
chip C when many [ compared with the size of the logical circuit (when it is G/A) of the IC chip C ], or when the future 
♦ and a design rule finize and become small far from the size of the present [ part / logic ], as is shown to drawing 9 (a) 
and (b), the fault, i.e., number of input/output terminals, of structure, and it becomes impossible to reduce chip cost. 
[0004] This invention was made in order to solve the above conventional faults, and it aims at obtaining the 
semiconductor device which achieved compound-izing of new chip structure and the chip of a different-species 
process, and compound-ization of the chip of a dissimilar material. 
[0005] 

[Means for Solving the Problem] Constituting the semiconductor device concerning this invention from at least two IC 
chips, one IC chip A and other IC chips B, the IC chip A has a pad far smaller than a wirebonding pad, and carries out 
thrrmoromprfrn a on bonding by the bump who consists of noble metals in which this pad and the pad with which the IC 
chip B corresponds were formed to one side or the both sides of said both pads. 

[0006] Moreover, a bump use d to s et thickness to 10 micrometers or less. Furthermore, the pad of the IC chip A is 
arranged in the location of' the arbitration wiihin the flat surface of the IC chip A. Moreover, the pad of the IC chip B 
and the corresponding wirebonding pad are connected by wiring. Furthermore, the clearance formed of a bump 
between the IC chip A and the IC chip B is filled up with resin. Moreover, an integrated circuit or an active element is. 
carried in the IC chip A and the IC chip B by each, plurality is prepared in the IC chip A, at least one of them is the 
active element of the different principle of operation from others, and at least one of further two or more IC chips A 
differs in other things and substrate ingredients. 
[0007] 

[Function] In this invention, if thermocompression bonding with noble metals is possible for the pad of the IC chip A, 
since it is good, it can choose pad size as for which free space is not theoretically made to the IC chip A. On the other 
hand, the IC chip B can only expect low cost-ization rather than low-cost-izing is possible for the time only of wiring 
and it makes free space for the IC chip A using an expensive process. 



[0D08] Moreover, connection between the IC chip A and the IC chip B can be made in the location of the arbitration 
within^the flat surface of the IC chip A. Moreover, since the IC chip B has connected the bump and the wirebonding 
pad wjth wiring, low resistance-ization becomes easy. Moreover, contact of both the IC chips A and B by the welding 
pressure at the time of resin mold is prevented by the resin with which the clearance was filled up. Moreover, large- 
scale and the complicated multichip LSI are obtained by carrying various integrated circuits and active elements in both 
the IC chips A and B. 
[0009] 

[Example] Hereafter, one example of this invention is explained about drawing. Drawing 1 (a) - (c) is drawing showing 
one example of this invention, drawing 1 (a) and (b) are the top views and side elevations of the IC chip B, and drawin g 
I (c) is the top view of the IC chip A. The pad 2 corresponding to the IC chip B is formed with the pad 5 of the IC chip 

A, the bump 3 for carrying out thermocompression bonding of the pad 5 of the IC chip A to this pad 2 is formed, and 
this example shows simplest example equipped with the wiring (a multilayer interconnection is sufficient) 4 which 
connects electrically the wirebonding pad 1 and this wirebonding pad 1 to a pad 2 further. In addition, wiring 4 is 
omitted with the top view of drawing 1 (a). Drawing 2 shows the condition that thermocompression bonding of the IC 
chip A and the IC chip B was carried out. 

[0010] In drawing 1 , the IC chip B forms the wiring 4 which connects a pad 2, the wirebonding pad 1 and said pad 2, 
and the wirebonding pad 1 with vacuum evaporationo of aluminum according to a subsequent photoengraving-process 
process, after oxidizing a front face through the usual oxidation process in the silicon wafer which carried out mirror 
polishing of at least one principal plane used for the usual IC manufacture. Next, the golden bump 3 is formed [ the part 
of a pad 2 ] on a pad 2 by photoengraving process and chemical plating at the thickness of about 7 micrometers. This 
thickness (10 micrometers or less) is the limitation of the photosensitive resist film of the photoengraving process 
which can be formed by the usual photoengraving process, and needs a technique special to obtaining thick thickness 
more than this, and equipment. Moreover, although a bump's 3 thickness was set to 7 micrometers in this example, this 
can be chosen as arbitration by the thickness of 10 micrometers or less with the surface structure of the IC chips A and 

B, the thickness of the IC chip A, and the magnitude of the IC chip A. Metallizing of the pad 5 of the IC chip A which 
should be joined by the bump 3 of the IC chip B is carried out withgold using structures, such as aluminum-Ti-Au. 
Next, N2 [ 100-150-degree C ] after repeating the IC chip A and the IC chip B and carrying out alignment by the 
infrared microscope 2 (desirably 100-200kg a pile/cm 2) is pressurized cm 50-5 00kg a pile /to a bump's 3 touch area in 
gas, and firm connection is obtained in about 10 minutes. This condition is shown in drawing 2 (a) and (b). 

[001 1] By this example, it becomes an effective solution to to the case where it is the gate array and many-items child 
of the small gate number, and is the conventional example which has much I/O and by which a chip size is determined 
for a design rule by the wirebonding pad in fine **, and free space is made in a chip, comparatively. 
[0012] Drawing 3 (a) - (c) shows other examples of this invention, and the top view of the IC chip B, a side elevation, 
and drawing 3 (c) of drawing 3 (a) and (b) are the top views of the IC chip A. This example shows the example which 
formed the pad 5 of the IC chip A in the location of the arbitration of the IC chip A. Moreover, the condition of having 
connected with the IC chip A and the IC chip B at drawing 4 (a) and (b) is shown. In addition, the sign of others in 
drawing 3 and drawing 4 shows the same thing as drawing 1 and drawing 2 . The following operation effectiveness is 
acquired by preparing connection of the IC chip A and the IC chip B by the bump 3 in the location of arbitration. (1) 
Naturally the wiring 4 of the IC chip B can be formed in low resistance (it is thick in wiring and is about width of face) 
from the IC chip A. Therefore, while the degree of freedom of a design of the IC chip A is sharply improved by the 
ability taking current supply and touch-down in the location of the arbitration of the IC chip A, the configuration which 
was excellent in noise-proof nature as a whole is attained. (2) If the distance between bumps 3 distributes a pad 5 and a 
bump 3 over the whole IC chip A as it is set to 1mm or less, it can make a bump's 3 thickness thin to about 5 
micrometers. This is because it is lost with the welding pressure to the resin at the time of resin mold that a silicon 
substrate deforms among bumps 3 and the IC chip A and the IC chip B contact, thus, the thingjbr which the.part of the 
arbitration of the IC chip A is contacted by the bump 3 - a bump's 3 thickness ~ until limit full - it can do thinly and 
bump formation becomes still easier. 

[0013] Drawing 5 (a) and (b) are drawings showing other examples of this invention, and the IC chip A and the IC chip 
B are the mechanical deformations by the pressure of a mold press, and they show how to prevent the field which 
counters contacting. That is, near a room temperature, thermal polymerization type restoration resin 6 with low 
viscosity is poured into the clearance between the IC chip A and the IC chip B for the IC chip A and the IC chip B after 
thermocompression bonding using capillarity. After an appropriate time, it heat-hardens, or it remains as it is and resin 
mold is carried out. It is avoided that this structure, then the field where the IC chip A and the IC chip B counter by the 
pressure at the time of resin mold contact. 

[0014] Drawing 6 (a) and (b) are drawings showing the example of further others of this invention, and show the 
example which carried the I/F circuit and analog circuit by the bipolar process to the IC chip B. In this case, a cheaply 



free chip configuration is obtained by making the IC chip A into a full CMOS circuit, and applying a CMOS process 
and ^bipolar process to each IC chips A and B by this approach to needing a BiCMOS process and the process itself 
becoming expensive, if it is the former. In addition, 7 shows a bipolar component part. 

[001 5] Drawing 7 (a) and (b) are drawings showing the example of further others of this invention, and show the case 
where the IC chip A becomes [ two or more ]. The IC chip Al - A4 The shown IC chip A can constitute large-scale and 
complicated multichip LSI-IC by carrying an active element in the IC chip B again by for example, the bipolar analog 
IC chip, CMOS logic, ECL memory, a CMOS memory, etc. by forming by the active element of a different process and 
the different principle of operation. 

[0016] Drawing 8 (a) and (b) are drawings showing the example of further others of this invention, and show the 
example which carried IC chip or at least one active element of a dissimilar material to the IC chip A. For example, IC 
chip A2 which is one of the IC chips A It is the high frequency prescaler of GaAs IC chip A3 About high-speed logic, 
it is the IC chip Al again. It becomes possible using the CMOS logic IC chip of Si substrate to constitute LSIIC for a 
communication link of a GHz band. In addition, an LED chip is carried and the configuration of a photocoupler also 
becomes possible (not shown). 
[0017] 

[Effect of the Invention] Since it considered as the configuration which connects to IC chip of another side one or more 
IC chips with which the chip size was determined by the number by the physical lower dimension bound of a 
wirebonding pad according to this invention when there were many wirebonding pads as explained above, the fault that 
free space is generated for one IC chip is cancelable. Moreover, since thickness is 10 micrometers or less, the bump 
who consists of noble metals can be easily realized with the usual photoengraving-process technique. 
[0018] Furthermore, since the pad of the IC chip A can be distributed over the location of the arbitration within the flat 
surface of this IC chip A, connection with the IC chip B can be realized in the location of arbitration. Furthermore, 
since the wirebonding pad and bump of the IC chip B were connected with wiring, from the IC chip A, it can form in 
low resistance and the degree of freedom of a design of the IC chip A is improved sharply. Moreover, since the 
clearance formed of the bump between the IC chip A and the IC chip B is filled up with resin, both the IC chips A and 
B do not contact with the welding pressure to the resin at the time of resin mold, either, and a bump's thickness can be 
made thin to about 5 micrometers. 

[0019] Furthermore, since the IC chip A is constituted from the integrated circuit or active element of the same class or 
a different class and this was connected to the IC chip B, the large-scale and complicated multi-chip LSI can be 
constituted. 



[Translation done.] 



